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<. to carry fo#uard cur crusade against cancer, heart disease, arch&itis,

e But what dees all of this have to do with the Sufvey of Graduate

highlight for you the $G$+data that relates to these acsumptions,
" . .

INTRODUCTLON . B . ’ -

. Are ve going to heve encugh excallent scientists in the future .

. .
v

ing—to nine just a fev-of tle aajo* health areas of concern tqday?. -
. - ' v )
, This question is of vital importance to all of useazs potential . Lo

benefic1ar1es of advaﬂces in health researcH but it should be. of

partlculaw concern to you ag educators, educatlonal reeearcheksz and

N . . N

. e M

admrus;nmors who are concerned wlth both,the quantity

‘\

ad quality of graduate qutput and the viability of the entire‘y.sﬁ

. .

-+ graduate education system. I can tell you thgt "this question is a - . 1

great concern to NIH,'as the lead Federal agency charged with the ’
- K3 .

+

. .
conduct of biomedical research. .° . . .o N
[}

; I §
. .,

Science Studeny(Support and Postdoctoxals, which I wlll benceforth
“. -
refer to,zs‘gkh SGS survey? hell dropping considerations of . .

e\cellepffi and "adequacy," I believe’that thé two‘basic daga
/ » . N . R . ’ . . .
elements of this survey, enrollment and student suppart, carry

- .
4 4

'imﬁlicationq for projections of Ph.D. autput, and therefore for

prOJectlon of bioscience resag%ch nanpower,
o -

.
.

. . s

1 want c0 do three‘thiags this evening., First, I want tq
. )
discusg the assumptions that enrollment, specifically-first—year

renrollrent, is a predictor of 'Ph.D. output; add that support affects

.
. .

both graduate enrollmgnrt and Ph.D. production. Second, I'd like to LN

.

- . - .

. - ..
Lastly, T w411 have sonething to say about the signiffecance ‘of these .

. . . . A

data to these concerncl vith the, futvre of health research.




ASSLMPTICNS: . - . . . . ? .

., , . . . »

Tse of the link fo pracduate enrollment, particularly first-year
¢ .~ /’ - -

enrollment, as an indicator of iuturg Ph.D- output, is practically a !

. traditicn in- $pite of the Evo covious reaaons vhy the link is diffuse.

-

First, a 51gn1flcapt though unknotm Dronortlon of grddu&t, enrollment

is for terminal master's’ d° grees (planced or othe*w1se) This is less

’

of a problbm in the biosciences than in so~7(otﬁer flélds . Second,

(4

.

, ~€a;e lupsed tire from the bachelor's degree to Ph.D. is vajaable across

a broad range—about half of the candldates taking 3 to. 7 }ea;s a;d

* halg.takz;g,mote than 7 yearé.’ However, the dgstributipns involved
are stable erough téat f1rst~year‘enroll ment , approprlately lagged, is

'h1gh1)<corre1ated Hlstor1ca11v with. Ph.D. output in the blosciences.

*  The relat10n§hip oL~ou:side financial support—Federal or other—
of the.graduate student to graduate enrollment and Ph.D. ptoduction is

another matter., Establishment of this relatlonphip has proved curiouqu
» . .'/ .
elusive. Longitudinal studies ©f student population cohorts, for
‘ example, have. not’isolated outside finaficial Supporf as the significant
.' I3 - * .

factor in enrollmsnt or in degree corpletion. There have been some

reasonably successful statistical studies that can be cited, however,

« -

that fend to confirm the hypothesis that-such financing is éritical.
' A 1962 gtudy by James A. Davis found a rglqtfbnship between

holding a job and slow academic progress or dropping out.!
A} .

-

- ’

-

. Ibavic, Janes A. S‘z;.ffk ond Spareces:  The Pinanecs of Anericar:
3 Cdrte avd folenge Grecvate Stufinis.  Chicago. Unlversity of Chicaggq
. Presg, 1962. ' ) ) .
S . . . N
. .
’ \/; < B .
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L A 1963 stedy by larkow, Irickie, "and Berger foundethat part-tine
£l ~ N R - ’ N
~ employrent/vas-a factor in delayeld progress.2 Holrstronm and Sharp's
. K .

f . . . : .
study of NDEA fellowshipd in &570 found that fellowships shortened the

r

.

. , . A LI v
duration of doctordl study by making part-time study unnecessary.3

. . - .

. * . The &bntinual methodological problea, however, that has plagued s
. ¢ * . .
researchers, is that the damonstrated relationships between financial

y
- ..

b
arrargenents and progress do not”ade

quately indicate vhat is cause and .

s . N M .

what is effect. 1In short, it ig not obvious whether people go to 'school -

"4 ® g M -..- N .
i*because they are f1naqce9 or are financed because they go to school’.

" A recent study, béing performed dnder contract, to NIH, dos=s

\
5

. . . &
provide empirical evidence that support, in particular Tederal support,

.

- . N . . .
has imQacted gracduate eardllment and Ph.D. output in the biosciences.

, A . 3 N

irst examines graduate egfollment§.and Ph.D. degrdes . .

[y / .

conferred relative to.the population agé group 20-24 and bachelog level - p

. . ]

N 4 o .
degrees, and finds that these ‘demographic factors have not predominated..

. ’ - o
The study then ipvestigatpas four economic factors and finds’ them’to ber °

LS “

significant explanatory variables fbr graduate enrollment and Ph.D. ,

coméletion,in the bioscicnces. The factors taken into consideration
B N * . 1 . . ’
were: .

v, - {

-

1. salaries of college graduates relative to non«gradugEEE:

¢ . . - . ,
. 2. Federal {jinancial support.for students in higher education,
AY .

3. agpregate perscnal income, and
S8 t s !

-

* 4. Federal funls for resecarch and dgvelopment. »

.
D s P SN — -
»
.

. -
arkew, Seymour, Byuce lriskie, and Alan §. Berger. Groduote
¢

Stadd 5.t Fiv coe, 1803, Chicaso. Natiomal Opinion Research Center,
Septontor 1965. ., : .
. “folmitron, Foyin 1., arnd Laure M, Sharp. Sindy of OES Title TV
Lell wasnip Froge Patv EW 1. Vashington, D.C.  Bureau of Sociyl -
Q Scicence Reosearch, Inc., July 1970. . .
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: . The cenclusion of the study is: / ’ \
. "When' thase variablegq (to the' extent that they are available)

| . ' are exaalned in relation -to the trends in degrees and enroll-

» .. ments, the eapirical,evidence points to the conclusion that
federal aid .to students i greduate education has had the
grearest influence 6n1degree and enrollment ratios followed .

K by* incone variables and expenditures for research, Income

) rseems to lLave its greatest impact on the ratio of BA's to

popwlation age 20-24, while federal 7aid to.graduate students

has a stropg infld@ncé on the proportions enrolling in grad~

uate school and obtaining PhD degrees," ' .

v s . Arotiier study funded by NIH within the Qfgice'ff Scientific

- =

Personnel of NRC and conducted,%y,Professor Robert McGinnis® from
Corn&ll‘Univers;ty, examined the‘relétionship kétween Federal expendi-

tures for research and the number of doctorates awarded in science and

. . e P . s . .
engineering fields by U.S. univensitieé.h Drs McGinpis found that i
: . T 1 - . .
.doctorate production in sclence -and engineering was a-nearly perfect
* . * ' . ) .

linear, funttion of Federal research ¢cxpenditures, with a lead time

‘. -

of 5 to 6 years, at least during a period when research expenditures

L .
c . .

' ‘were growing. We have no extensive experience with declining research
* .

. S ) - . cr - »

expenditures. .

.
~ . ~

The McGinnis study aIsO'related'sévegal series of NIH 5yards'to
. N \ ' .
. graduate proRyams in four fields——bioéhemistry,'genqtics, pharmacqlogy,

and physiology. The data of Tabla 1 shows 'relations observed batwe

»

.number of graduate students and of doctorates awarded and various

, ashects of N{U funding. The fdhding cdtegories shown have very

.
)

* . . . ” 1 .
* instrpctive characteristics. "NIGMS (Natibdnal Tnstitdte of General

.
-

Medical Sciences) training funds, four fields" wers support awarded

A .

specifically for the four fields, "NIGMS training funds to institu-

.
[

. tions" add, in all other NIGMS funds., NIN {unda Lo'instltutionsq
T
L) s / . . ’ -
"McGinais, Robert. Fedapal Pundiog and Gradsite b i i, s ¢
JBinncionec., Office of Scivntific Persomel, Matioaal Kesearch Counell,
(€] . Febroary 1972, Unpublished,
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add in all other funds from the NIH. TIn short, the categories of funds

» —_—— ¢

:ascend fronf%he specific to the generél, whils/the fields of science,
. . - )
remain the same. Funding data for 1963 are used with the well~groungede

: ; O . e qogd
assumption that the funds awarded to thede institutions in 1968 are :

highly correlated witl# fundS awarded in prior yearQ; .

< " The correlations displayed «n Table 1 suggest several conclusions.
. ‘' . ) \ A

First, for each column there is a gradient in the .funding correlations,

the strongest-felationship appearing with funds specifically awarded

4
for training in the four fields inlahich thé students were being trainéd,
< the weakest with the gerderal’ total of all NIH funds awarded to the

*

institutions. Second, the higher retention of s&udgnts‘up to the point
- at which they eventually -receive the doétora;e appears to be a significant

advantage of tr?ining grants. Although the ddta do nog, of .course,
* prove the point; they suggest\that given the availability of a range . .
- of\f;nding mechanisms, training'gr;ntsware most efficient both in
attract;ng graduate students into a field and, more importanilf, in

AN oo
retaining them<in the fjald for theé time required to atain a doctorate.

.

/ .

’ )
N \ P
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. TPE DATA——CRADJ&&E LYROFLNENI AND Ph.D. OUTPUT: .

. * Now let's take a look at the dafa that are available.

The~ RSF
-., . L
survey provides a 7 year tlue series for the sciences ln,general but

-7
.

/. it only provides three years of enrollment (1971 =1973) Znd. two years

of support "information for the bloselences——the area_of sglence of
- @ .

primary concern to NIH. The early data presented by Ms. Foster were

3

3 .
NSE tralneeshlp application, and, as such

-

: are not felt to be regresentatlve 6f the,bloscience programd which

were being supported, predominately, by the NIH

collected as part of the

As a result, I have

relied on Offlce of Educatlon data for the’ peqlod 1961<1970 ‘to set the
necessary background for the’ SGS pata, and the Natlonal A&ademy of

Sclences, National Research Councilo Survey of Earned Doctorates, for

1nfornatlon -pertaining. to past productnon of Ph.D. bloSCientlsts.
. Table 2 shows- that flrst—year full time enrollment in the
. e 7N
biosciences doubled between 1961 and 1966, averaging about 15 pefce“

per yearf Between 1967 and 1973 flrst—year, full-tlmeAenrollments

»

increased, though at the greatly reduced rate of about 3 percent, per

. -

I have used, OE and SGS data for 1971 to estimate a link between.

~

year.

the OE and SGS series. L. , L

', The NSF- Qulck Response Survey for l%?é has yielded a surprisingly
« large estimate oﬁ-lncrease 1n first-year, full-time bioscience cnroll—

L)

meht of 24 percent. I tend to believe the 24 percent estimate is too

’

high. It is the largest single increase in the last 13 years, and'th

.

9g~percent confidence range is itself virtually 24Jpercent. .

' . . " \
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FIRST-YEAR, FULL-TIME

. Table 2

-, 1961-1974

.

EHROLLMENT TH THE .BIOSCIENCES

.
-~

U.8. Off{ice of Education.

.

oty . Annua] percent Percén’«‘t change

Year Numbe? _ ~ thange- %iqce 1961
.33961. U | o~ '

1962 «',5_,084;n * 971, 9.7 ¢
1963 " 5073 1749 28,90

1964 " | '7,36; 23.24 58.85

1965 8,486 15.28 _ 83.12 |
1966 19,810 + | 7 7t- | ta00.01

1967 9,528 2.34 _.105.61

1968 9,475 © .60 100,47

1969 10,077 6.35 117.46

1970 | " 10,489 EEs | 1mag.

1970 (% 10,0 | L <Taes . | wsles
. T tstimates . '. ®
1972 11,29 2.88 . 62,78
1973 | - 11,428 159 | 1661
1 | 14227 26497 | ho7.01 ;
Sources: 1961-L971—Students Enrotled fo\'r .Advclmé:ed De\gz%és.

1972-1973—Estimates were developed by applying
the trend obtained from the NSF Sufvéy of Graduate
Sctencg Student Supgpek and Postdoctorals to 0.E.
data. , e . ) . ) .
1974—FEstimates verg developed by applying.thé
change, 1973-1974, bbtained from the Ngf Quick
Response Survey of Graduate Enpol Iment to the

1973 estimates. ) '

. 10

£
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The_quebtion oflreai impoz;ance hcre is not 'whether there was a large
o jump in 1974 but whethér a '74 increase presages another major growth
spurt in the long term tregd line. Only time will tell fér su;é, bus
,tlhiose concerned with assessing £utu;§ research manpower resoﬁgces can't
wait for the answar before attemfginé to evaluate fuéure Ph.D. output.

Relatiﬂé graduate enrollment data to Ph.D. output (Table 3) assum-

- ]

" ing a six year lag betwegn first-year enrolluments and Ph.D. completion®
Y] - N . , /

¢ * - -

reveals that the ratio of Ph.D.'é to {irst-year enrollments has declined

from a high of 35 per hundred in ¥968 to the 1973 figure of 25 per -

. )

o .

* - hundred, despite the fact that the average l%pse of time between B.A.

L]

-

and obtainment of tﬁe Ph.D. has not changed significautly for some years.’
The change in.this:xatio, theugh not proof of aﬁytping, may be used as

»

an indicator that non-Ph.D.-outcomes, including terminal Master's

-

production, have increased or, viewed another way, that'students are
1 i [ : . . .

. y N ' - :

making slower progress towards obtainment of the Ph.D.

.

"I want to emphasize here the significance of these phenomenon.
\ , . ) : .

. The key to rdﬁsonaﬁly accurate projections of biomedical research

[

o N .

manpower is attrition rates. The final outcome, that is, estimates of

~ . - .

) the'present and‘futd:e éupply of biomedical researchers, s dominated
- . AN N .
by estimates of attxitign: '™ '
1.  from first-year enrollment -to Ph.D. output, .

.
.
e .

2. £from each Ph.D. ciaés to sentry into the research pool, gnd
: v

Vv ., .3. from the research pool intd non-research activities. -
- I3 .
» . : B <&

'—. —- 7 ¢ v [ . )
, S9He medign total time lapse fiom baecalaureate to doctorate in the
biosclences was 5.9 years. Swwnary.leport 1973 Doctprate ‘Recipients

Foom United Ttates Universities, Natiponal Academy of Sciences. Wash-
ington, D.C. lMay 1974. . ) . 4

ERIC . T A SR
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’ FABLE 3

RATIO OF PH.D.'S It THE BIOSCIENCES
'PER 100 FIRST-YEAR GRADUATE ENROLLEES
‘ IN THE BIOSCIENCES, 1967-1973 .

I3
4

10.

First-year . Ph.D. output Ratio of Ph.D."s

Advanged Degrees, U.S. Office of Education.

Ph.D.\Dedreés; 1967-1973: Swwey of Earned Doctorates,
National Research Council, National Academy of Sciences,

N . . -

graduate enrollment lagged  six vyears’ per 100 ‘first-year

Year: Humber - - . Yaar . iwumber graduate students
. 1961 7,699 |- 1967 4 2,398 .. 311

1962 8,19 | 1968 | 2,882 |, 2.

1963 9,745 | 1959 3,138 ©o3Re2,

1964 | T1,821 1970 +3;418 C o289

195 | 13,608 1971 ° 3,699 | - 27.2

1966 | 14,200, | 1972 3,672 | 25.9

1967 ia,674 | 1973 | 3,710 _ . 2.0
Sources: First-year enrollments, 1961-1967: Students Enrolled for .

:
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’Using the datd.availdble to

'Y “

that Lha 35 Pper hundred rattq of

.

“year cnrollmeﬂtﬁln 1962,

illustrate this point

Ph.D,

» let's assume

's in 1968,.légged to first—:

h d* been progected torward @s a constant
q »

v v
& for the pertud 1969 1973 Tht resultant estimateg of Ph, D productlon
- 7’ . .
’ during this pertod woulg have been 22 487 or 27 percent higher’ tban .
\q& ~ Ld
N was the actual Ph.D, prqductlon oF 17, 646 . If there w=re4a slmllar ~

error 1n the othe twe qétiﬁxted attrltlon rates mentioned, a com ounded
E\\\\ p G

o
erfor of the order of 65\pQEcent would result. . -

. Clear hen, accurate aSSeSSment of attr1t10n rares and the

. A
»

hem is esqential—which leads us

factots affec_i ng" th to the imbiicatidns v

-
" *a, 5/ . . .
of the NSF Survey of graduate studestt support dafta. , -
. ) . N
, . r
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THE/bAIA——GRADDAfL S"IE\LE STUDEXNT SUPPORL PATTER\S ‘

)

.

The NSF survey, though Iimltcd to a very short period oﬁ;tlme,
A

- provides 4 direct assessment of pattarns of bidstience student

support
‘
' shoulnv type,and saurce of suppoct ‘by.enrollment level, The following
’ , N y . Y
,observatlons can be mede from rhe SGS survey.
7 ',

1. The‘proportion of all full—time blooCience graduate students

1 .

. receiving bederal support has declined from 39 percent to
. \ .

' 31 percent, a 22 percentzdecrease.over the'peri%d.l9§1¥l973 )
. . R , . o . .- N v.

" L7 . (Chart 1), R oo . Cote

. - 14
. -

. N
. . . %
. 2. Despite the decline in Fedéral‘support in the b10sc1ence ¥
: = pore 5
- the same percentage of bioscience students.were "self- E
' . ' \ . » N

) supporting" in 19f2 and 197%5? Additional non—“ederal°fun§s
. v

[ ‘ . . A\ ,
were forthcominO*to offset thé.decline in Federal support,,

Unfortunately, this type of survey cannot d1st1ngulsh d

.

.

. ‘noanederalupublic suppéort, 1nstitutionaI funds support, %
and other Sourges of gengral~revenue (Chart 2).. E
a’ ‘ * . : . H
N 3." Students diredtly supported, that is,, students receiving

\

fellowships and traineeshlps, declined 10 percent, 1972~73,
g - - .
caused by a decline from Federal sources which was bffset
v ’ . .

L

gy to some extent by increases in non-Federal sources (Chart 3).
4. Studenmts-* rece1v1ng suppbrt as research assistants increased
. ; '

- : slightly (+4 percent), essentially no change in the Federal

~
/

sector, and a 9 pélcent increase from non—Federal sources

.
-

" (Chark\:z. . . : _ '
‘ o ) .
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5. Bioscience studeats on teachingesussistaptships increased K|
4 , hd . ) g :’. , . . . . f"
~ 7 percent, the gain coming eutidely from the non-Federal ‘ o
s . S T . . L .
N i
sector. This may be traceable.to increased undergradua%e )

enrollment in the biosciences (Chart 5)./.
. , .

.
- [4
6. - Earlier in this paper, I hzve stiressed the importance of

e
N " ] .
first-year enrollments as an indicator ofs future Ph.D.

v -

-

output., The SGS survey has soyrce of support data for

n s
¢ first-year bioscience students only for the year 1973.
. { . A .
| ’
N

/ ot .

-

\ . It does provide-a two-yearx ‘trend of first-yéar,enr@ilments
by type of support. The graph indicates that first-yeat- '

bioscience students have taken the brunt of declines in
. .

b .
. . ! . . - L \.
dirégt training support, exemplified By fellSwships‘an

.'» A
« traineeghips, which is primarily, a refléction of the
. . .

.
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Chart 2

-

PERCENT- DISTRIBUTION AND- PERCENT CHANGE
IN FULL-TIME GRADUATE STUDENTS IN THE BIOSCIENCES,
’ BY SOURCE OF SUPPORT, 1922-%973
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‘FUtL—TIME-BLdkCIENCE GRADUATE STUDENTS RECEIVING

Chart 4
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17.

L

~'RESEARCH ASSISTANTSHIPS, BY SOURCE OF SUPPORT, 1972-1973
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Chart 5 ' ' .

- 'FULL-TIME BIOSCIENCE GRADUATL STUDENTS RECEIVIiG )
TEACHING ASSISTARTSHIPS, BY SOURCE OF SUPPORT', 1972 AiD 1973
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Chart 6
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: IMPLICATLONS - . f
R _ s . ‘ N “ [S
This is the recent plcture ofrgraluate student support-and enroll- 4
N ‘ . J - .
’ . {
T 'ments in the biosciences. I began this paper by defining our concern
- », . ,‘ s . ' ' M he ' b
.as: the implications of tie SGS survey for projections-eof Yh.D. output. -
. N . (
A * ¢

' : L ' 1 ' . . .
- 'We approacii the end of the pusper with a collection of questions.
N ~e i

.
)

What is rikQ}y to be the follow-on support picture for all those .

. .
- »

cager, hopeful first-year enrollees of .the early seventies? Will
p— -, .

they have obtained the Ph.D. by 1980 at close to'qﬁe_same rate as

-
. . N v

those who entered before them? Will' more be required to drop out P

becéﬁsa of the inability to meet-the rising financial demands concom-
- \ . . ° Y .
. - . - . coo

‘ itant with their stage in life plus'eﬁer higher educational costs, or

N

simply slow down the Ph.D. process by working on an outside job while

a . - . .
) - A
Py ‘ going to school and writing dissertations? Will first-year graduate
- ’ ) ) - ’ i . .
envollments continue to increase? . . . ’
4 . . . FN .
[ . . ‘e 8, ot N - "
. As far as the evidence is concerned, that is, dn summary: . .t 2]

. . - _ O
. 1. declining growth in first-year enrollments assuming the 1974
jump is an_ aberration produced by the economic conditions
* . : v '
of*the day and not.indications of another growth spurt

)

brought about by environmental and ecological concerns,

. . ’ 2. declining ratios of graduate enrollments to Ph.D. output,
- 3. declining'levels of direct Fedexal training support, )

—>_ plus knowledge of the ‘modest growth in the gradu&te school age popula-

tlon, those 2;—2{, 1973-1981, of 14 percent, followed by a decline, :' s
1981-86,, of 5.5 percent, lead one to anticipate-a continued level of
o T A

-’ ‘'

‘ - .
. - ——
el . ,
triﬁ .
N

Q ' . ' ’ ()2 3 ‘
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4 . .
- future bioscientists and have indicated the role played by the NSF

. o
- Y hd L)
' - 13
L] . ” .
" Pt D. output in the near futere followed by declines. Translated .

into NIH terms, this implies a reductien in the availability of new

. .

Ph.D. bioseientists to conduct medical research. - -

’

s ‘

I have limited this discussion purposely to the questian of -

availability of new Ph.D.'s for the conduct ofobigmedical research
N .
for that is the question that can be addressed rost readily with the
. . .

use of SGS.
o
But underlying this question 1s, of course, such questions as:

. : i ‘

.o
. ! '
Is there presently and will there in the future be 'a shortage of
/ Y
.
biomedical.resqarchers? I would like to point out that there is no,

5
natural requirement for research manpower. The demand is purely a

function of the level of research activity which society chooses to

support vhich may ‘call for more or fewer researchers than-are in the
pdol. » »
: . %

If the Government, through the operation of the legislative and

*

executive branches, determines that a particular level of health

research activity is desirable and supplies a levkl of funding to

carry ft 6Et,\but there is.npt an adequate number of trained researchers
fo assume this level of activity, then theré is a shortage. 1In recent
discissicns relative to the new cancer initiative, it was clearly

recognized that manpower is a critically\}imitlng factoriat the present
- - - N »

‘time and will continue to be in the future. ¢

Y . ‘.

I have addressed one small aspect of(forccasting the supply of 4

A , ~

survey and other educational surveys in the development of such

!
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. forecasts, In closing, I would like to say that without the continued
’ ‘ . N ) ) s .
, lelp of the ecducational. comajunity in p\rc\:viding these and other data ) ‘
. 1} - * ’ . M
.and the contributions of educational researchers, even this limitcd
aﬁaly,sis woutd not have been possible. For your help ir¥ the past, I
~ K . ’/. .
. . .
thank you, and T look forward to the future insight which! you will ,
C ' . ’
’ , ’ provide.,,\ .
- ; - . ’ [ 2 ,
' hd g' N . =~ .
N : Thank you. .
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